We derive a Bjorken sum rule for semileptonic Ω b decays to ground and low-lying negative-parity excited charmed baryon states, in the heavy quark limit. We discuss the restriction from this sum rule on form factors and compare it with some models.
In the heavy quark limit, m b,c >> Λ QCD , a new SU(2N) (N =number of heavy flavors) spin-flavor symmetry appears in QCD [1] . Consequently, all the form factors involved in B → (D, D * )eν e , can be expressed by only one universal form factor, the Isgur-Wise function, which is normalized at the maximum momentum transfer, q 2 m [1] . This is also true for Λ b → Λ c lν l [1] . For Ω b → (Ω c , Ω * c )eν e , the situation is a little more complicated. In the heavy quark limit there are two independent form factors [2, 3] , since the light components (light quarks and gluons) in the baryons have spin 1. One of these two form factors is normalized at q In the heavy quark limit, one can also derive the so-called Bjorken sum rule for semileptonic decays of bottom hadrons to charmed states [4, 5] . Such a sum rule has already been given for B and Λ b semileptonic decays [4, 5] . Taking B-meson semileptonic decays as an example, the sum rule follows from the consideration of the quantity [5] h Xc 
whereΓ = γ 0 Γ + γ 0 . The factor C ji (µ) arises from the perturbative QCD correction to the heavy quark transition summed in the leading logarithmic approximation. One obtains [5] In this note we will follow a method parallel to [5] to derive a Bjorken sum rule for Ω b semileptonic decays to ground and low-lying negative-parity excited charmed baryon states.
We will also discuss the upper limit on form factors coming from this sum rule and compare it with existing models.
To begin with, we recall the Lorentz structure of the amplitude for Ω b semileptonic decays to ground states, Ω c and Ω * c , in the heavy quark limit, using the tensor method [3, 6] . Since the spin of light component in these baryons is also conserved in the heavy quark limit, one needs to build a tensor which carries the indices of both the heavy quark spin and the spin of the light components. Thus [3] Ω c or Ω *
with
where u is a spinor and u µ is a Rarita-Schwinger spinor vector for a spin-3/2 particle. The indices indicate the corresponding baryons. The form factors ξ 1 and ξ 2 are functions of w.
ξ 1 is normalized at w = 1 [2, 3] :
Note the relations between ξ 1,2 and the form factors η and τ used in [2] are:
To study decays to excited charmed states, we first consider the qualitative characteristics of the low-lying negative parity excited states. Since the heavy quark symmetry cannot tell us anything about the spectroscopy of the light degrees of freedom, we will use constituent quark model as a guide to classify the excited states. We consider charmed baryon states formed by (css). We use s ss , l r and l ss to denote the spin, the relative angular momentum and the center-of-mass angular momentum of the two s-quarks, respectively. Then the ground states have (s ss , l r , l ss ) = (1, 0, 0). If we write s l = s ss + l r + l ss , the light quarks in ground states have total angular momentum and parity s vanish. Thus it is quite safe to expect the contributions from these excited states would be very small. Also it is expected in a non-relativistic quark model [7] that the masses of the excited states corresponding to (s ss , l r , l ss ) = (0, 1, 0) are higher than those corresponding to (s ss , l r , l ss ) = (1, 0, 1). Therefore we will confine our discussion only to excited states corresponding to (s ss , l r , l ss ) = (1, 0, 1), i.e.Ω c (5/2
The form factor structures in semileptonic Ω b decays toΩ c (5/2 
where u c indicates the spinor ofΩ c (1/2 − , 0 − ) and B For
where
is just the spin-5/2 Rarita-Schwinger spinor-vector u µλ c . For
where u µ c is the spin-3/2 Rarita-Schwinger spinor-vector.
In the above discussion we have confined ourselves to excited states with only angular excitations. One can easily include excited states with radial excitations. These states can be generally denoted byΩ
The form factor structures involving these states are the same as those given in Eq. (7) to Eq. (10) except that one now needs to add a index n to the form factors to indicate the radial excitation, i.e. 4, 5, 6) . Similarly, the form factor structures involving excited states with no angular excitation but radial excitation are the same as those in Eq. (4) except one has to make the substitution
Having established the Lorentz structures, it is then straightforward to derive the Bjorken sum rule for Ω b semiletponic decays using a formula similar to Eq. (1). In so doing one needs to use the projection operators. For spin 1/2 baryons,
For spin 3/2 baryons,
For spin 5/2 baryons [9] ,
We finally obtain the Bjorken sum rule
where the ellipsis denotes the contributions which have not been included here. These contributions are always positive. Obviously, this sum rule is consistent with Eq. (6). We expect Eq. (14) to be valid near w = 1. Note that time reversal invariance will require, for example, ξ 1 and ξ 2 to be relatively real. 
The sum rule in Eq. (14) also provides a restriction on the slope of the form factor. Ex- 
Since the contributions from all excited states are positive,
It is obvious that all the above results are also valid for the corresponding Σ b semileptonic decays.
The restriction on the form factors involving the ground states, Eq. (15), is generally not very strong restriction. However, one can compare it with the form factors calculated
